Background Previous soil surveys by Environmental Health Officers had found high soil cadmium (Cd) concentrations in gardens next to a battery factory in Worcestershire. This study was set up to determine whether this had resulted in high Cd levels in the blood and urine of local residents. Methods A sample of residents (n = 39) living next to the factory were matched by age and sex to employees of North Worcestershire Health Authority. A questionnaire was used to determine potential Cd exposure. The levels of Cd in blood, urine and garden soil were measured.
Introduction
There are three main sources of exposure to cadmium (Cd): inhalation, either from ambient air or from the tobacco smoke of cigarettes, 1 3 and also eating food grown in Cd-contaminated soil. 4 Exposure to excessive levels of Cd can eventually lead to renal damage, the first sign of which is a tubular type of proteinuria. 5 Once fully established, the renal dysfunction is irreversible, even if exposure subsequently ceases. 6 Numerous epidemiological studies of workers have documented the spectrum of effects that Cd exposure can produce. 6 " 10 Less information is available on chronic environmental exposure to doses of Cd smaller than those experienced in occupational settings. Even so, recommended levels for soil Cd concentrations" and daily Cd intake have been issued in the past. 12 In 1980, the World Health Organization (WHO) recommended that the Cd concentration of urine should not exceed 10 /ig/g creatinine and that control measures be applied as soon as the individual Cd level in urine exceeded 5 jig/g creatinine. 13 However, these values were based on occupational Cd exposure and the validity of their extrapolation to environmental exposure in the general population has been questioned.
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Battery production in Worcestershire
In 1920, a factory producing Cd-containing batteries was first established in Redditch, Worcestershire. Soil sampling around the perimeter of the factory in the mid-1980s by Redditch Environmental Health Department had indicated higher than normal concentrations of Cd. When re-landscaping of the area was due in the late 1980s, a sampling exercise involving local gardens found that only four from 126 samples were under the recommended level for Cd in vegetable gardens of 3 mg/kg dry soil weight." Produce sampling also found high Cd levels in vegetables. The soil monitoring continued and the soil cadmium concentration remained high. Local residents were advised at this point not to eat vegetables grown in their gardens. However, it was not known how much of the cadmium had been ingested and absorbed, and the effect of the Cd on the health of the local population was not known. This cross-sectional study with matching was set up to compare the Cd concentrations in the blood and urine of residents living next to the battery factory, where the soil Cd concentration was highest, with those of a group of non-residents, matched for age and sex. The study was carried out between October 1993 and April 1994.
Method
Introductory and reminder letters explaining the aim of the study were sent to those residents on the electoral register living nearest the factory who were aged between 18 and 65 years (n = 116). Residents who had worked in industries where they were likely to be exposed to cadmium were excluded. Thirty-nine eligible people (34 per cent) agreed to take part. A comparison group was obtained from the employees register of North Worcestershire Health Authority who were matched to the study group by age and sex and who did not live near the battery factory. Again, employees who had worked in industries where they were likely to be exposed to cadmium were excluded.
Both groups were sent a letter giving more details of the study and a consent form. They were asked to complete a standard structured questionnaire to determine their medical, smoking and occupational histories and whether they ate vegetables grown in their gardens. Instructions on how to collect a soil sample from the garden were given. Arrangements were made to take a sample of venous blood, and at the same time an early morning midstream urine specimen and a soil sample were collected.
All blood and urine samples were analysed at the West Midlands Regional Toxicology Laboratory. The limit of detection of Cd for both blood and urine assays was 0-5/xg/l. All soil samples were analysed at the County Scientific Laboratory. The limit of detection for the soil samples was 0-2 mg/kg dry soil weight. All 
Results
The study group consisted of 16 women and 23 men. Their ages ranged from 19 to 64 years. Nine were aged under 30 years and four were aged over 59 years. The mean age was 40 years for the men and 39 years for the women. The length of residence ranged from less than one year to 62 years. Ten people had lived in the area for over ten years, six of whom were men. Fifteen male members and nine female members of the study group were current smokers. In the comparison group, five of the men and none of the women were current smokers. Ten matched pairs from the male groups and seven from the female groups had similar smoking habits. Fifteen people in the study group and ten in the comparison group ate vegetables grown in their own garden. No-one had a past medical history that would suggest a compromised renal system.
The results of the sampling survey found that only one soil sample from the comparison group but all the samples from the study group were above the advised limit for Cd concentrations in vegetable gardens of 3 mg/kg dry soil weight ( Table 1) . None of the urine or blood Cd concentrations for members of both study and comparison groups were above the levels considered hazardous to 113 '
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Analysis using logistic regression Logistic regression analysis was used to investigate the effect of confounders. All subjects with a urine Cd concentration of greater than 0-5 /xg/g creatinine and a blood Cd concentration of greater than 1 ng/\ were considered 'high'. Those with levels below this were considered 'low', thus creating a binary variable. Logistic regression models were then constructed Cl, confidence interval.
using the SPSS software package in which variables were entered in a stepwise fashion ( Table 2 ).
The conclusions from the analysis were that current smoking and age were of borderline significance in relation to having a urine Cd level of more than 0-5 jig/g creatinine. After adjusting for other factors, only current smoking remained a significant risk factor for having a blood Cd concentration of over 1 /xg/1.
Discussion
An essential element of any investigation of exposure to potential environmental health hazards will be the assessment of risk. 26 This study was set up to determine the Cd concentrations in the population potentially most at risk because they lived in the area with high soil Cd levels. The sample size was large enough to determine statistically significant results but would have had a detrimental effect on the power of the study, which is dependent on both the sample size and the magnitude of the effect being measured.
The proportion of residents who were willing to take part in this study was disappointingly low, despite the fact that the issue of cadmium concentrations in the soil was known to local residents, some of whom had demanded a response from the local council. There was no evidence found to show that the high soil cadmium concentrations had resulted in high blood and urine Cd concentrations in local residents. This was probably as a result of the short length of time some residents had lived in the area and also the small proportion who ate vegetables grown in their gardens. However, if the study results had revealed blood and urine Cd concentrations that potentially could induce ill health, any subsequent study would have needed to overcome the logistical problems of establishing a larger study group. Before the investigation of a possible association between a source of chemical pollution or contamination and ill health in a population is initiated, both the human and financial resource implications need to be taken into account. Joint working between local government and District Health Authorities can lead to logistical problems when the boundaries of authority either overlap or never meet. In this study, the local authority had a small budget to monitor the soil cadmium concentrations, whereas the Heath Authority did not have a specific budget for the investigation of environmental health hazards. As the laboratory costs alone for this study were £30 per person, the financial consequences of having to carry out a number of similar studies can be overwhelming.
The investigation of environmental health hazards potentially exposes a human and financial resource deficit in District Health Authorities, which are expected to ensure they have adequate arrangements to deal with the health aspects of chemical contamination of air, soil, water and food. 27 
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29 Health Authorities are also expected to designate an appropriate individual to be responsible for ensuring there is access to the necessary advice and expertise on the public health hazards arising from such chemical contamination. 29 At present, responsibility for this often falls to the Consultant in Communicable Disease Control. 30 ' 31 However, the legitimacy of this has been questioned, in part because there is no recognized training in environmental health for public health physicians and microbiologists. Access to, and the availability of, expert advice can also be problematic. Examining the literature to determine whether some sort of 'past precedent' exists can lead to difficulties. As an example, studies investigating the effect of environmental Cd exposure have conflicting conclusions, in part because of the variety of biological parameters used, differences in the information collected about the study and comparison groups, and sample sizes which have ranged from over 1500 to less than 50. 32 " 39 Measures to control the release of Cd into the environment have also varied over time and place, resulting in difficulties in estimating environmental Cd exposure.
There are many potential hazards in the environment that it might be beneficial to know more about. 40 However, if after initial assessment, no substantial risk can be found, it has to be considered whether time and resources are better spent elsewhere. This was considered to be the outcome of this study.
